We studied the species abundance and the amount of ectomycorrhizal fungi colonizing a hybrid larch 22 (F 1 ) under elevated CO 2 and O 3. Two-year-old larch seedlings were planted in an Open-Top-23
symbiosis with ECMF increased the growth of seedlings of the Japanese red pine (Pinus densiflora) 65 under elevated CO 2 , because the photosynthetic activities of the host plants were enhanced by an 66 increase in the root surface area via widely ramified ECM hyphae. These authors also found an 67 improvement in water use efficiency (WUE), and suggested that colonization of pine with ECM 68 leads to greater photosynthate allocation to roots under conditions of elevated CO 2 . Colonization by 69 ECM increased the growth of the Japanese larch (Larix. kaempferi) and its hybrid larch radioactive isotopes (delta N-15) to measure N uptake and symbiosis of ECM with adult beech trees 88 (Fagus sylvatica). They found that the number of fine roots -which were all mycorrhizal -89 increased markedly with long-term O 3 fumigation. Other studies, of a 70-year old mixed spruce-90 beech forest stand, found that the number of vital ECM root tips increased, and the ECMF 91 community was significantly different after two-year fumigation with O 3 (Grebenc et al., 2007 Institute near Sapporo. The height and diameter of these seedlings were determined before planting; 140 the mean height of the seedlings at this time was 38.6 ± 0.3 cm, and the mean diameter was 5.2 ± 0.2 141 mm.
142
ECM colonization was also determined before planting (see Table 2 ). The soil at the study site 143 was well homogenized brown forest soil in which there had not been any previous plantation of tree 144 species. All seedlings were planted in May 2011, and were irrigated periodically with tap water to 145 prevent desiccation. Gas treatments began one month later, after all of the seedlings were established 146 at the site. After two growing seasons they were dug out (in late October 2012 After 2 years of fumigation, we analyzed ECM on the roots of F 1 . After being dug out, all roots 171 were covered by wet paper tissue, stored in plastic bags, and transferred immediately to the 172 laboratory where they were kept in a refrigerator at 4°C. In not more than 2 days these harvested 173 roots were washed until no large clods remained, and then cleaned gently using a small painting-174 brush. A microscope (Olympus szx-ILLK100, Japan) was then used to observe the extent of ECM 175 colonization, as had also been done prior to planting. A total of 500 root tips were counted randomly 176 for each replicate, following the method of Shinano et al. (2007) . Fig. 1 shows the sampling process.
177
A classification of morphological types of ECM was estimated, ***HOW?*** and final 178 identification of ECM was carried out by molecular analysis ( Thermo Fisher Scientific Inc., Massachusetts, U.S.A.) was then used to determine the concentration 205 of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), aluminum (Al), iron (Fe), 206 manganese (Mn) and molybdenum (Mo). The N concentration was determined by the combustion 207 method using an NC analyzer (NC-900, Sumica-Shimadzu, Kyoto, Japan). 208 209 2.5 Measurement of leaf gas exchange rate 210 211
Leaf gas exchange rates of the seedlings were measured on the 21-25 th September 2011 and 11-212 15 th September 2012 using an infrared gas analyzer system (LI-6400, Li-Cor Inc., Lincoln, NE, 213 USA). Two seedlings in each chamber were randomly selected to undergo measurements of their 214 leaf gas exchange rates (8 measurements per treatment). The measurements were conducted on the 215 same seedlings throughout the experiment. The net photosynthetic rate (A) and stomatal diffusive 216 conductance to H 2 O (G s ) were determined at a leaf temperature of 24 ± 0.1°C, 380 μmol mol -1 CO 2 , 217 relative air humidity 60 ± 5% and a photosynthetically active photon flux (PPF) of 1500 μmol m Statistical analyses were undertaken using R and SPSS (version 16.0) software. All data were 224 distributed normally, as verified by the Kolmogorov-Smirnov Test. Two-way analysis of variance 225 (ANOVA) was used to test the independent effects of elevated CO 2 and O 3 , as well as their 226 interaction. Tukey's HSD test was applied to identify significant differences between the four 227 treatments. Distance based redundancy analysis (db-RDA) was performed to determine the varying 228 species abundance of the ECM community across the gas treatment regimes. 229 230
Results 231

ECM types colonizing F 1 233 234
We found six types of ECM colonizing F 1 after the treatments, compared with three types 235 before the CO 2 and/or O 3 treatments. According to mycorrhiza taxonomy, eight ECM types belong 236 to either the class Basidiomycetes (Type A, C, D, F, G and H) or Ascomycetes (Type B, E). Table 2  237 sets out the morphological specification of each type of ECM and the similarity of matched 238 sequences in their identification. 239 240
Extent of colonization and diversity of ECM 241 242
The ECM colonization extent ***NOT 'RATE' WHICH REFERS TO A SPEED*** was 243 significantly increased by elevated CO 2 , but was sharply reduced by O 3 relative to the control (Fig.  244 2). There was no interactive effect of elevated CO 2 and O 3 on the ECM colonization rate, however.
245
The ECM colony varied in diversity across the four treatments ( Fig. 2) . ECM diversity was 246 significantly reduced by O 3 exposure, and diversity also decreased under elevated CO 2 +O 3 treatment 247 relative to the control, whereas a greater diversit wasy found in the control and elevated CO 2 248
regimes. There was no significant difference between control and elevated CO 2 (P=0.49). 249 250
Abundance of ECM by species 251 252
The six ECM types were found in differing amounts in the four gas treatments. According to 253 the integrated estimation of ECM colonization and species, the major ECM colonizers of F 1 were 254 types A, C, D and F (Fig. 3b) . The ECM abundance under elevated O 3 and the mixed fumigation 255 differed significantly from thre control and elevated CO 2 regimes (along the axis-1 direction, 63.7% 256 of the variance was explained, P≤0.01). At elevated CO 2 the ECM abundance was similar to that in 257 the control, based on the details of the four ellipses in Fig. 3a .
258
The number of colonizing species of ECM in the control was unchanged with elevated CO 2 . In 259 a comparison of the particular types of ECM, the proportion of type D was greater and the 260 proportion of type C was less under elevated CO 2 than in the control (Fig. 4a, b) . Under exposure to 261 O 3 , type B failed to colonize F 1 whereas type D colonized to a significantly greater extent, and type 262 A colonized less than in the control (Fig. 4c ). Under mixed fumigation in which CO 2 and O 3 , were 263 both elevated, the proportion of type C increased relative to the control, and became the dominant 264 species (Fig. 4d) . 265 266
Growth of seedlings and element concentrations 267 268
Ozone markedly reduced seedling growth by the end of the first growing season (Table 3 ). The 269 height and stem diameter of seedlings were not significantly changed by elevated CO 2 relative to the 270 control in 2011 and 2012, but these parameters were significantly reduced by O 3 by the end of the 271 2011 growing season. Elevated CO 2 +O 3 did not exert any effect on the growth of height and stem 272 diameter during the two years of treatment. Neither the diameter nor the height was affected by any 273 treatment in 2012. Elevated CO 2 increased the biomass of root, stem and total above-ground 274 biomass, and O 3 reduced the biomass of stem and root. The combined elevated CO 2 +O 3 did not give 275 rise to differences from the control, and there was no interaction between elevated CO 2 and O 3 for 276 any biomass parameter (Table 4) . The root/shoot (needle + branch + stem) ratio (R/S) was also 277 unaffected in every gas treatment.
278
No clear differences between gas regimes were found for the concentrations of N, K, Ca and 279 
Mg in needles (
